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Technical Field 

The present invention relates to semiconductor devices having a field effect 
transistor and methods for manufacturing the same, and more particularly, to semiconductor 
devices having a gate electrode that is formed from two or more layers and methods for 
manufacturing the same. 



Related Art 

Currently, there is a technique in which a gate electrode 230 of a MOS transistor 300 
shown in Fig. 14(b) is formed by a so-called damascene method. One example of a method 
for manufacturing a MOS transistor 300 using a technique in which its gate electrode 230 is 
formed by a damascene method is described below. 

As shown in Fig. 13(a), a gate dielectric layer 220 (also sometimes referred to as.a 
gate insulation layer) and a dummy electrode 232 are formed on a silicon substrate 210. 
Next, the dummy electrode 232 is patterned. Then, a low concentration impurity diffusion 
layer 242 is formed in the silicon substrate 210 on the sides of the dummy electrode 232. 
Next, an insulation layer is formed over the entire surface, and the insulation layer and the 
gate dielectric layer 220 are etched by RIE to form a sidewall spacer 250 on the side wall of 
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the dummy electrode 232. Then, a high concentration impurity diffusion layer 244 is 
formed in the silicon substrate 210 on the side of the sidewall spacer 250. 

Next, as shown in Fig. 13(b), an insulation layer 260 is formed on the silicon 
substrate 210, and the insulation layer 260 is then planarized to expose the dummy electrode 
5 232. 

Next, as shown in Fig. 14(a), the entire dummy electrode 232 is removed to form a 
through hole 270. 

Next, as shown in Fig. 14(b), a metal layer is formed in a manner to fill the through 
hole 270, and the metal layer is then etched-back to form a gate electrode 230. 
1 0 Techniques to form gate electrodes by a damascene method are described in 

references such as U.S. Patent No. 5,960,270, U.S. Patent No. 5,391,510 and U.S. Patent 
No. 5,434,093. 

Summary 

1 5 Embodiments include a method for manufacturing a semiconductor device, the 

method including the steps of: (a) forming a gate dielectric layer on a semiconductor layer; 
(b) forming a first conduction layer having a specified pattern on the gate dielectric layer; (c) 
forming sidewall insulation layers on side walls of the first conduction layer; (d) forming a 
source region and a drain region in the semiconductor layer; (e) depositing a first insulation 

20 layer that covers the first conduction layer and the sidewall insulation layers, the first 

insulation layer comprising a material different from that of the sidewall insulation layers; 
(f) planarizing the first insulation layer until an upper surface of the first conduction layer is 
exposed; (g) removing a part of the first conduction layer in a manner that the gate dielectric 
layer is not exposed to thereby form a recessed section on the first conduction layer between 

25 the sidewall insulation layers; (h) partially filling a second conduction layer in the recessed 
section to form a gate electrode that includes at least the first conduction layer and the 
second conduction layer; (i) forming a second insulation layer at the recessed section on the 
second conduction layer, the second insulation layer being composed of a material different 
from that of the first insulation layer; (j) etching the first insulation layer to form a first 
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through hole that reaches the source region or the drain region; and (k) forming a first 
contact layer in the first through hole. 

Embodiments also include a method for manufacturing a semiconductor device, 
including forming a gate dielectric layer on a semiconductor layer and forming a first 
5 conduction layer having a specified pattern on the gate dielectric layer. Sidewall insulation 
layers are formed on side walls of the first conduction layer. A source region and a drain 
region are formed in the semiconductor layer. A part of the first conduction layer is 
removed in a manner so that the gate dielectric layer is not exposed, to thereby form a 
recessed section on the first conduction layer between the sidewall insulation layers. The 

10 removing a part of the first conduction layer is carried out after formation of the source 

region and the drain region. The method also includes forming a second conduction layer in 
a portion of the recessed section, and forming an insulation layer in the recessed section on 
the second conduction layer. 

Embodiments also include semiconductor device including a field effect transistor, 

1 5 the field effect transistor including a gate dielectric layer, a gate electrode, a source region 
and a drain region. The device includes a second insulation layer formed on the gate 
electrode and sidewall insulation layers formed on side walls of the gate electrode. A first 
insulation layer is formed on the sides of sidewall insulation layers. The gate electrode 
includes a first conduction layer and a second conduction layer, the first conduction layer 

20 being formed on the gate dielectric layer, and the second conduction layer being formed 

above the first conduction layer. A first through hole reaching the source region or the drain 
region is formed in the first insulation layer. A first contact layer is formed in the first 
through hole. As the thickness of the first conduction layer is compared based on a top 
surface of the gate dielectric layer, the first conduction layer has thickness that gradually 

25 becomes greater from a central section thereof toward the side walls. 

Embodiments also include a semiconductor device including a field effect transistor, 
the field effect transistor including a gate dielectric layer, a gate electrode, a source region 
and a drain region. The device includes a second insulation layer formed on the gate 
electrode, and sidewall insulation layers formed on side walls of the gate electrode. A first 
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insulation layer is formed on the sides of sidewall insulation layers. The gate electrode 
includes a first conduction layer and a second conduction layer, the first conduction layer 
being formed on the gate dielectric layer, and the second conduction layer being formed 
above the first conduction layer. A first through hole reaching the source region or the drain 
5 region is formed in the first insulation layer. A first contact layer is formed in the first 
through hole. As the thickness of the first conduction layer is compared based on a top 
surface of the gate dielectric layer, an end portion of the first conduction layer has a greater 
thickness as compared to a thickness at a central section. 

1 0 Brief Description of the Drawings 

Embodiments of the invention are described with reference to the accompanying 
drawings which, for illustrative purposes, are schematic and not necessarily drawn to scale. 

Fig. 1 schematically shows a cross-sectional view of a semiconductor device in 
accordance with an embodiment of the present invention. 
15 Figs. 2(a) and 2(b) schematically show cross-sectional views illustrating steps of a 

method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 



Figs. 3(a) and 3(b) schematically show cross-sectional views illustrating steps of a 
method for manufacturing a semiconductor device in accordance with an embodiment of the 
20 present invention. 

Figs. 4(a) and 4(b) schematically show cross-sectional views illustrating steps of a 
method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 



25 method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 

Figs. 6(a) and 6(b) schematically show cross-sectional views illustrating steps of a 
method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 



Figs. 5(a) and 5(b) schematically show cross-sectional views illustrating steps of a 
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Figs. 7(a) and 7(b) schematically show cross-sectional views illustrating steps of a 
method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 

Figs. 8(a) and 8(b) schematically show cross-sectional views illustrating steps of a 
5 method for manufacturing a semiconductor device in accordance with an embodiment of the 
present invention. 

Figs. 9(a) and 9(b) schematically show a cross-sectional view illustrating one step of 
a method for manufacturing a semiconductor device in accordance with an example for 
comparing the effects. 

10 Fig. 10 schematically shows a cross-sectional view illustrating one step of a method 

for manufacturing a semiconductor device in accordance with an example for comparing the 
effects. 

Fig. 1 1 schematically shows a cross-sectional view illustrating one step of a method 
for manufacturing a semiconductor device in accordance with an example for comparing the 
15 effects. 

Figs. 12(a) and 12(b) schematically show cross-sectional views illustrating a 
comparison example of a modified embodiment. 



Figs. 13(a) and 13(b) schematically show cross-sectional views illustrating steps of a 
method for manufacturing a semiconductor device in a conventional example. 



method for manufacturing a semiconductor device in a conventional example. 

Detailed Description 

It is an object of certain embodiments of the present invention to provide 
25 semiconductor devices and methods for manufacturing the same in which deterioration of 
the electrical characteristics is suppressed. 

A method for manufacturing a semiconductor device in accordance with an 
embodiment of the present invention comprises the steps (a)- (k) of: 

(a) forming a gate dielectric layer on a semiconductor layer; 
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Figs. 14(a) and 14(b) schematically show cross-sectional views illustrating steps of a 



5 



U.S. Express Mail Label No.: EF 295 454 866 US 



15.48/6066 



(b) forming a first conduction layer having a specified pattern on the gate dielectric 
layer; 

(c) forming sidewall insulation layers on side walls of the first conduction layer; 

(d) forming a source region and a drain region in the semiconductor layer; 

(e) depositing a first insulation layer that covers the first conduction layer and the 
sidewall insulation layers, the first insulation layer being composed of a material different 
from that of the sidewall insulation layers; 

(f) planarizing the first insulation layer until an upper surface of the first conduction 
layer is exposed; 

(g) removing a part of the first conduction layer in a manner that at least the gate 
dielectric layer is not exposed to thereby form a recessed section on the first conduction 
layer; 

(h) partially filling a second conduction layer in the recessed section to form a gate 
electrode that includes at least the first conduction layer and the second conduction layer; 

(i) forming a second insulation layer at the recessed section on the second conduction 
layer, the second insulation layer being composed of a material different from that of the 
first insulation layer; 

(j) etching the first insulation layer to form a first through hole that reaches the 
source region or the drain region; and 

(k) forming a first contact layer in the first through hole. 

In the present embodiment, the gate dielectric layer is not exposed in step (g). As a 
result, deterioration of the gate dielectric layer is suppressed. 

Also, in accordance with the present embodiment, the second conduction layer is 
formed over the first conduction layer in step (h). As a result, the second conduction layer is 
formed after the formation of the source and drain regions. As a result, deterioration of the 
second conduction layer, which may occur when a resist layer that is provided for forming 
the source and drain regions is removed, may be prevented. Accordingly, deterioration of 
the second conduction layer may be suppressed. Also, in accordance with the present 
embodiment, a chemical agent that is incompatible with the second conduction layer, but 
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that can securely remove the resist layer, can be selected. In view of the above, in 
accordance with the present embodiment, a semiconductor device in which deterioration of 
its electrical characteristic is suppressed can be formed. 

Also, in accordance with the present embodiment, the second insulation layer is 
5 formed over the second conduction layer, and the sidewall insulation layer is formed on the 
sides of the first conduction layer and the second conduction layer. The second insulation 
layer and the sidewall insulation layers are formed from materials different from that of the 
first insulation layer. As a result, the second insulation layer and the sidewall insulation 
layers can function as stopper layers in step (j), such that the first through hole can be 
10 formed in a self-aligned manner with respect to the first and second conduction layers. In 
other words, a self-aligned-contact is achieved. 



In step (j), the second insulation layer and the sidewall insulation layers may 
preferably be composed of a material that is more difficult to be etched compared to the first 
insulation layer. As a result, the second insulation layer and the sidewall insulation layers 



1 5 can more securely function as stopper layers in step (j). 

Also, in accordance with certain embodiments of the present invention, when the 
first conduction layer is a silicon layer, step (h) may include the steps of 

(h - 1) depositing a metal layer for siliciding the first conduction layer on the first 
conduction layer; and 
20 (h - 2) siliciding the first conduction layer to form a silicide layer. 

As a result, the first conduction layer can be silicided, and at the same time a self- 
aligned contact can be conducted. 

Also, certain embodiments of the present invention may further comprise the steps 



insulation layer; 

(m) etching the third insulation layer to form a second through hole; and 
(n) forming a second contact layer in the second through hole, wherein the first 
through hole may be continuous with the second through hole. 



of: 
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(1) forming a third insulation layer on the first insulation layer and the second 
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In step (j), the second insulation layer may preferably be formed from a material 
having a ratio of an etching rate of the second insulation layer with respect to an etching rate 
of the first insulation layer (an etching rate of the second insulation layer / an etching rate of 
the first insulation layer) being two or greater. More specifically, when the first insulation 
5 layer is formed from silicon oxide, the second insulation layer may be formed from silicon 



Also, in step (j), the sidewall insulation layers may preferably be formed from a 
material having a ratio of an etching rate of the sidewall insulation layers with respect to an 
etching rate of the first insulation layer being two or greater. More specifically, when the 
10 first insulation layer is formed from silicon oxide, the sidewall insulation layers are 
preferably formed from silicon nitride. 

A first semiconductor device in accordance with an embodiment of the present 
invention includes a field effect transistor, the field effect transistor including a gate 
dielectric layer, a gate electrode, a source region and a drain region, and comprising: 
1 5 a second insulation layer formed on the gate electrode; 



a first through hole reaching the source region or the drain region formed in the first 
insulation layer; and 

a first contact layer formed in the first through hole, 

wherein, as the thickness of the first conduction layer is compared based on a top 
25 surface of the gate dielectric layer, the first conduction layer has thickness that gradually 
becomes greater from a central section thereof toward the side walls thereof 

A second semiconductor device in accordance with an embodiment of the present 
invention includes a field effect transistor, the field effect transistor including a gate 
dielectric layer, a gate electrode, a source region and a drain region, and comprising: 



nitride. 



sidewall insulation layers formed on side walls of the gate electrode; 

a first insulation layer formed on the sides of sidewall insulation layers, 

the gate electrode including a first conduction layer and a second conduction layer, 

the first conduction layer being formed on the gate dielectric layer, 

the second conduction layer being formed above the first conduction layer; 
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a second insulation layer formed on the gate electrode; 

sidewall insulation layers formed on side walls of the gate electrode; 

a first insulation layer formed on the sides of sidewall insulation layers, 

the gate electrode including a first conduction layer and a second conduction layer, 
5 the first conduction layer being formed on the gate dielectric layer, 

the second conduction layer being formed above the first conduction layer; 

a first through hole reaching the source region or the drain region formed in the first 
insulation layer; 

a first contact layer formed in the first through hole, 
1 0 wherein, as the thickness of the first conduction layer is compared based on a top 

surface of the gate dielectric layer, an side end portion of the first conduction layer has a 
greater thickness as compared to a thickness thereof at a central section thereof. 

In addition to the features described above for the first and second semiconductor 
devices, embodiments may also have at least some of the following features. 
15 (1) In certain embodiments, as the height of an upper surface of the second 

conduction layer is compared based on an upper surface of the gate dielectric layer, the 
height of the upper surface of the second conduction layer gradually becomes higher from a 
central section thereof toward the side walls. 

(2) In certain embodiments, as the height of an upper surface of the second 

20 conduction layer is compared based on an upper surface of the gate dielectric layer, the 

height of the upper surface of the second conduction layer at the side wall sections thereof is 
higher than a height of the upper surface of a central section thereof. 

(3) In certain embodiments, the second conduction layer is formed from one of 
metal, a metal alloy and a metal compound. 

25 (4) In certain embodiments, the first conduction layer is a silicon layer, and the 

second conduction layer is a silicide layer. 

(5) In certain embodiments, a third insulation layer is formed on the first insulation 
layer and the second insulation layer; 
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a second through hole is formed in the third insulation layer, being continuous with 
the first through hole; and 

a second contact layer is formed in the second through hole. 

(6) In certain embodiments, the first insulation layer is formed from silicon oxide, 
5 and the second insulation layer is formed from silicon nitride. 

(7) In certain embodiments, the first insulation layer is formed from silicon oxide, 
and the sidewall insulation layers are formed from silicon nitride. 

(8) In certain embodiments, the upper surface of the first insulation layer and the 
upper surface of the second insulation layer are substantially at the same level. It is noted 

10 that the "substantially at the same level" means that they are substantially at the same height 
from the upper surface of the gate dielectric layer. 

In the above embodiments, the "semiconductor layer" includes a semiconductor 
substrate and a semiconductor layer formed on a substrate. 

Certain preferred embodiments of the present invention are described below with 

1 5 reference to the accompanying drawings. 

A semiconductor device in accordance with an embodiment of the present invention 
is described below. Fig. 1 schematically shows a cross-sectional view of a semiconductor 
device in accordance with the present embodiment. More specifically, a semiconductor 
device 100 has a structure as follows. 

20 A gate dielectric layer 20 is formed on a silicon substrate 10. A gate electrode 30 is 

formed on the gate dielectric layer. The gate electrode 30 is formed from a poly silicon layer 
(first conduction layer) 32 and a metal layer (second conduction layer) 34 successively 
formed on top of the other over the gate dielectric layer 20. Sidewall insulation layers 62 
are formed on both sides of the gate electrode 30. 

25 Next, a preferred cross-sectional shape of the polysilicon layer 32 is described. The 

polysilicon layer 32 has protruded sections 32a at side end sections E10 at upper sections 
thereof. More specifically, the level of the upper surface of the polysilicon layer 32 at the 
side end sections E10 upwardly protrudes compared to a level L10 of the upper surface of 
the polysilicon layer 32 at its central section. In other words, the thickness of the polysilicon 
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layer 32 is not uniform as measured based on the upper surface of the gate dielectric layer 
20, but gradually increases from the central section toward the sidewall (toward the side of 
the sidewall spacers 50). As a result, due to the protruded sections 32a formed at the side 
end sections E10, the side end sections of the polysilicon layer 32 have a tapered shape. 

Next, a preferred cross-sectional shape of the metal layer 34 is described. The metal 
layer 34 also has protruded sections 34a at side end sections at upper sections thereof, in a 
similar manner as the polysilicon layer 32. More specifically, the level of the upper surface 
of the metal layer 34 at the side end sections E20 upwardly protrudes compared to a level 
L20 of the upper surface of the metal layer 34 at its central section. In other words, the 
height of the upper surface of the polysilicon layer 32 is not uniform as measured based on 
the upper surface of the gate dielectric layer 20, but gradually increases from the central 
section toward the sidewall (toward the side of the sidewall spacers 50). As a result, due to 
the protruded sections 34a formed at the side end sections E20, the side end sections of the 
metal layer 34 have a tapered shape. 

Source and drain regions 40 are formed in the silicon substrate 10 at sides of the gate 
electrode 30. The source and drain regions 40 have a low concentration impurity diffusion 
layer 42 and a high concentration impurity diffusion layer 44. The low concentration 
impurity diffusion layer 42 is formed in a manner to enclose the high concentration impurity 
diffusion layer 44, in other words, has a double drain structure (double diffused drain). 
However, without being limited to this structure, the source and drain regions 40 can have a 
variety of structures such as an LDD (lightly doped drain) structure. 

A second insulation layer 60 is formed on the gate electrode 30. Sidewall insulation 
layers 62 are formed on both sides of the gate electrode 30 and the second insulation layer 
60. A first insulation layer 50 is formed on the sides of the gate electrode 30 with the 
sidewall insulation layers 62 being interposed therebetween. Preferably, the upper surface 
of first insulation layer 50 and the upper surface of the second insulation layer 60 are 
substantially at the same level (height) as measured based on the upper surface of the gate 
dielectric layer 20. 
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A third insulation layer 70 is formed on the first insulation layer 50 and the second 
insulation layer 60. A first through hole 90a is formed in the first insulation layer 50, and a 
second through hole 90b is formed in the third insulation layer 70. The first through hole 
90a is continuous with the second through hole 90b. First and second contact layers 92a and 

5 92b are formed in the first and second through holes 90a and 90b, respectively. A wiring 
layer 94 is formed on the second contact layer 92b and the third insulation layer 70. 

A method for manufacturing a semiconductor device in accordance with an 
embodiment of the present invention is described below. Fig. 2 through Fig. 7 schematically 
show cross-sectional views in a process for manufacturing a semiconductor device in 

1 0 accordance with the present embodiment. 

First, as shown in Fig. 2(a), a stacked layered body of a gate dielectric layer 20 and a 
polysilicon layer (first conduction layer) 32 is formed on a silicon substrate 10. The stacked 
layered body may be formed by depositing a gate dielectric layer and a polysilicon layer on 
the silicon substrate 10, and patterning the polysilicon layer. The thickness of the 

15 polysilicon layer 32 is, for example, 100 - 1000 nm. 

Next, a resist layer having a specified pattern is formed over the silicon substrate 10. 
Next, a low concentration impurity diffusion layer 42 is formed by ion-implanting an 
impurity in the silicon substrate 10 using the resist layer as a mask. Then, the resist layer is 
removed by an acid chemical agent. 

20 Next, as shown in Fig. 2(b), sidewall insulation layers 62 are formed on both sides of 

the polysilicon layer 32 by a known method. The sidewall insulation layers 62 are formed 
from a material that is more difficult to etch than the first insulation layer 50. Etching the 
first insulation layer 50 is described below. More specifically, in the etching of the first 
insulation layer 50 to be described below, the sidewall insulation layers 62 may preferably 

25 be formed from a material having a ratio of an etching rate of the sidewall insulation layer 
with respect to an etching rate of the first insulation layer 50 (an etching rate of the sidewall 
insulation layer 62 / an etching rate of the first insulation layer 50) being two or greater, and 
more preferably being five or greater. More specifically, when the first insulation layer is 
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formed from silicon oxide, the sidewall insulation layer can preferably be formed from 
silicon nitride. 

Next, a resist layer having a specified pattern is formed on the silicon substrate 10. 
Next, an impurity is ion-implanted in the silicon substrate 10 using the resist layer as a mask 
to form a high concentration impurity diffusion layer 44. Then, the resist layer is removed 
by an acid chemical agent. As a result, source and drain regions 40 are formed. 

Next, as shown in Fig. 3(a), a first insulation layer 50 is formed over the silicon 
substrate 10 in a manner to cover the polysilicon layer 32 and the sidewall insulation layers 
62. The first insulation layer 50 can be formed by, for example, a CVD method. Silicon 
oxide is an example of a material than can be used as the material of the first insulation layer 
50. The thickness of the first insulation layer 50 is determined in view of the thickness of 
the polysilicon layer 32 when the first insulation layer 50 is formed, and may be, for 
example, 150 - 1500 nm. 

Next, as shown in Fig. 3(b), the first insulation layer 50 is planarized. The first 
insulation layer 50 is planarized until the upper surface of the polysilicon layer 32 is 
exposed. The first insulation layer 50 may be planarized by, for example, a chemical- 
mechanical polishing method. 

Next, as shown in Fig. 4(a), a part of the polysilicon layer 32 is etched in a manner 
that the gate dielectric layer 20 is not exposed. As a result, a first recessed section 80 is 
preferably formed in an upper portion of the polysilicon layer 32. The thickness of the 
polysilicon layer 32 that is removed is defined in view of characteristics of a desired gate 
electrode, and may be for example 50 - 950 nm, and more preferably 50 - 800 nm. The 
etching can be conducted by, for example, a reactive ion etching. In this etching, as shown 
in Fig. 4(a), protruded sections 32a are formed at side end sections E10 of the polysilicon 
layer 32 at upper sections thereof. The protruded sections 32a are formed because the side 
end sections E10 of the polysilicon layer 32 are more difficult to etch compared to the 
central section of the polysilicon layer 32. 

Also, in this etching step, not the entire polysilicon layer 32 is removed, but only a 
specified thickness thereof is partially removed. As a result, in the etching of the polysilicon 
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layer 32, the gate dielectric layer 20 is not exposed. Accordingly, the gate dielectric layer 20 
is inhibited or prevented from being damaged during the etching of the polysilicon layer 32. 

Next, as shown in Fig. 4(b), a metal layer 34 is preferably formed over the entire 
surface, to fill the first recessed section 80. In this instance, because the protruded sections 

5 32a are formed in the polysilicon layer 32, the metal layer 34 can be readily deposited at 
corner sections 80a of the recessed section 80. This is because the polysilicon layer 32 has a 
tapered configuration due to the protruded sections 32a formed at the side end sections E10, 
with the result that the step coverage is improved. For example, tungsten, aluminum, 
copper, an alloy of aluminum and copper, and a compound of silicon and metal may be used 

10 as the material of the metal layer 34. For example, titanium silicide, tungsten silicide, cobalt 
silicide, molybdenum silicide or the like can be used as the compound of silicon and metal. 
The metal layer 34 can be formed by, for example, a CVD method. 

Next, as shown in Fig. 5(a), the metal layer 34 is planarized in a manner that the 
metal layer 34 remains only in the first recessed section 80. The metal layer 34 can be 

15 planarized by, for example, a chemical-mechanical polishing method. 

Next, as shown in Fig. 5(b), a part of the metal layer 34 is etched to form a second 
recessed section 82. Here, as a result of forming the second recessed section 82, the metal 
layer 34 is partially filled in the first recessed section 80. The thickness of the metal layer 
34 that is removed is defined in view of a desired thickness of the second insulation layer 

20 60. In other words, the thickness of the metal layer 34 that is removed is not particularly 
limited as long as the second insulation layer 60 can function as a stopper layer, and may be, 
for example, 10-50 nm. The etching can be conducted by, for example, a reactive ion 
etching. In this etching, protruded sections 34a are preferably formed at side end sections 
E20 of the metal layer at upper sections thereof. The protruded sections 34a are formed 

25 because the side end sections E20 of the metal layer 34 are more difficult to etch compared 
to the central section of the metal layer 34. 

Next, as shown in Fig. 6(a), a second insulation layer 60 is deposited over the entire 
surface, to fill the second recessed section 82. In this instance, because the protruded 
sections 34a are formed in the metal layer 34, the second insulation layer 60 can be readily 
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deposited at corner sections 82a of the second recessed section 82. This is because the metal 
layer 34 has a tapered configuration due to the protruded sections 34a formed at the side end 
sections E10, with the result that the step coverage is improved. The second insulation layer 
60 may be formed by, for example, a CVD method. The second insulation layer 60 is 
formed from a material that is more difficult to be etched than the first insulation layer 50 in 
etching the first insulation layer 50, which is to be described below. More specifically, in 
the etching of the first insulation layer 50 to be described below, the second insulation layer 
60 may preferably be formed from a material having a ratio of an etching rate of the second 
insulation layer 60 with respect to an etching rate of the first insulation layer 50 (an etching 
rate of the second insulation layer 60 / an etching rate of the first insulation layer 50) being 
two or greater, and more preferably being five or greater. More specifically, when the first 
insulation layer is formed from silicon oxide, the second insulation layer can be formed from 
silicon nitride. 

Next, as shown in Fig. 6(b), by planarizing the second insulation layer 60, the second 
insulation layer 60 is left only in the second recessed section 82. The planarization can be 
conducted by, for example, a chemical-mechanical polishing method. 

Next, as shown in Fig. 7(a), a third insulation layer 70 is formed over the first 
insulation layer 50 and the second insulation layer 60 by a known method. The third 
insulation layer 70 can be formed from, for example, silicon oxide. 

Next, as shown in Fig. 7(b), a resist layer Rl is formed on the third insulation layer 
70. The resist layer Rl has an opening above a region where a second through hole 90b is to 
be formed. Next, using the resist layer Rl as a mask, the third insulation layer 70 and the 
first insulation layer 50 are etched, to form first and second through holes 92a and 92b. 
Here, the second insulation layer 60 and the sidewall insulation layer 62 function as stopper 
layers. Therefore, the gate electrode 30 is not exposed. Then, the resist layer Rl is 
removed. 

Next, as shown in Fig. 1, first and second contact layers 92a and 92b are formed to 
fill the first and second through holes 90a and 90b, respectively, by a known method. Next, 
a wiring layer 94 having a specified pattern is formed on the second contact layer 92b and 
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the third insulation layer 70. In the manner described above, a semiconductor device 100 is 
manufactured. 

The present embodiment preferably includes one or more of the effects described 

below. 

5 (1) In the present embodiment, the gate electrode 30 is covered by the second 

insulation layer 60 and the sidewall insulation layer 62. As a result, when the first insulation 
layer 50 is etched to form the through holes 90a and 90b 5 the gate electrode 30 is not 
exposed. Accordingly, the first through hole 90a can be formed in a self-alignment manner 
with respect to the gate electrode 30. In other words, a self-aligned-contact can be achieved. 
10 The "self-aligned-contact" is herebelow referred to as "SAC". 

(2) In the present embodiment, the metal layer 34 is formed after the source and 
drain regions 40 are formed. As a result, when a resist, which is provided to form the source 
and drain regions 40, is removed, an acid chemical agent (for example, sulfuric acid) may be 
used. 

15 (3) The present embodiment includes the step of etching the poly silicon layer 32 to 

form a recessed section. In this step, not the entire polysilicon layer 32 is removed, but only 
a specified thickness thereof is partially removed. As a result, in the etching of the 
polysilicon layer 32, the gate dielectric layer 20 is not exposed. Accordingly, the gate 
dielectric layer 20 is prevented from being damaged during the etching of the polysilicon 

20 layer 32. 

(4) In the present embodiment, the polysilicon layer 32 is formed in a manner to 
contact the gate dielectric layer 20 at the gate electrode 30. As a result, a variety of process 
techniques to be employed when a gate electrode 30 is formed from polysilicon can be used. 
It is noted that, when the polysilicon layer 32 is entirely removed such that the gate electrode 
25 is formed only from a metal layer, a work function difference between the gate electrode and 
the silicon substrate becomes greater compared to when the gate electrode includes silicon. 
As a result, when the gate electrode is formed only from a metal, layer, a variety of process 
techniques to be employed when a gate electrode is formed from silicon are difficult to be 
employed. 
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(5) A MOS transistor with its gate electrode having a stacked layered structure of a 
polysilicon layer and a metal layer can be formed, for example, in the following manner. 

First, as shown in Fig. 9, a gate dielectric layer 120, a polysilicon layer 132 and a 
metal layer 134 are successively deposited on a silicon substrate 10. Next, a resist layer Rl 
5 is formed on the metal layer 134. Next, the metal layer 134 and the polysilicon layer 132 
are etched using the resist layer Rl as a mask, to form a gate electrode 130. Then, the resist 
layer Rl is removed. 

Next, as shown in Fig. 10, a resist layer R2 having a specified pattern is formed over 
the silicon substrate 10. Next, an impurity is ion-implanted in the silicon substrate 10 using 

10 the resist layer R2 as a mask, to form a low concentration impurity diffusion layer 142. 
Then, the resist layer R2 is removed. 

Next, as shown in Fig. 11, sidewall spacers 150 are formed on side walls of the gate 
electrode 130. Next, a resist layer having a specified pattern is formed on the silicon 
substrate 10. Next, an impurity is ion-implanted in the silicon substrate using the resist layer 

15 as a mask, to form a high concentration impurity diffusion layer 144. Then, the resist layer 
is removed. In this manner, a MOS transistor 200 is manufactured. 

It is noted that the resist layers (the resist layer Rl for forming the gate electrode and 
the resist layer R2 for forming the impurity diffusion layer) may preferably be removed by 
an acid chemical agent (for example, sulfuric acid). However, when an acid chemical agent 

20 is used for removing the resist layers, the metal layer 134 is exposed to the acid chemical 
agent, and the metal layer 134 is corroded. When the metal layer 134 is corroded, the 
electrical characteristic of the semiconductor device deteriorates. Therefore, when the gate 
electrode 130 includes a metal layer 134, it is difficult to use an acid chemical agent. On the 
other hand, although the use of a chemical agent other than an acid chemical agent may be 

25 considered, it is difficult to adequately remove the resist layer with such a chemical agent. 

However, in accordance with the present embodiment, the metal layer 34 is formed 
after the source and drain regions 40 are formed. As a result, when the resist layer that is 
provided for forming the source and drain regions 40 is removed, an acid chemical agent 
(for example, sulfuric acid) may be used. 
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The above-described embodiments may be modified, for example, in the following 
manner. 

(1) In the above-described method embodiment, the gate electrode 30 is formed by 
successively depositing the polysilicon layer 32 and the metal layer 34. However, the gate 
5 electrode 30 can be formed by successively depositing a polysilicon layer and a silicide 
layer. In other words, the metal layer can be replaced with the silicide layer. 

The silicide layer can be formed, for example, by the following manner. 

First, as shown in Fig. 8(a), a metal layer 36 for silicidation is formed over the entire 
surface. The thickness of the metal layer may be, for example, 5 - 50 nm. The metal layer 
10 36 can be formed, for example, by a CVD method, a sputtering method, or the like. For 
example, the material of the metal layer 36 may be titanium, cobalt or nickel. 

Next, as shown in Fig. 8(b), a heat treatment is conducted to make a silicide with the 
polysilicon layer 32. The heat treatment may be conducted at temperatures of, for example, 
500 - 900°C. The heat treatment can be conducted by, for example, a lamp anneal. The 
1 5 time for the heat treatment is determined in view of the heat treatment temperature, and may 
be, for example, 10-60 seconds. 

Next, non-reacted portions of the metal layer 36 are removed. In this manner, a 
silicide layer 38 can be formed on the polysilicon layer 32. 

By the modified embodiments, the following effects may be achieved. 
20 Conventionally, the following method is conducted when a silicide layer is formed 

on a polysilicon layer that functions as a gate electrode. As shown in Fig. 12(a), a MIS 
transistor including a polysilicon layer 230 that functions as a gate electrode is formed, and 
then a metal layer 242 is formed. Next, a heat treatment is conducted to make a silicide of 
the metal layer 242 and the polysilicon layer 230. Next, non-reacted portions of the metal 
25 layer 242 are removed, whereby, as shown in Fig. 12(b), a silicide layer 240 is formed on 
the polysilicon layer 230. However, when a silicide layer is formed on a polysilicon layer 
by the method described above, the silicide layer is exposed, and it is difficult to apply SAC 
in a step to be conducted later. 



18 



# • 



U.S. Express Mail Label No.: EF 295 454 866 US 1 5.48/6066 

However, by the modified embodiment, when the polysilicon layer is formed into a 
silicide to form a silicide layer, the silicide layer is covered by the second insulation layer at 
the same time. This provides an effect in that a SAC can be applied. 

(2) In the embodiment described above, the gate electrode is formed from conduction 
layers in two layers. However, the gate electrode can be formed from conduction layers in 
three or more layers. 

The present invention is not limited to the embodiments described above, and many 
modifications can be made within the scope of the subject matter of the present invention. 
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